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Our aim here is to study the sugar reduction in musts to obtain wines with a slight alcohol reduction 
by nanofiltration. Specifically, sugar reduction is achieved by two successive nanofiltration steps. To test 
the method, we have worked with two types of musts: a white must from Verdejo grapes and a red one 
from Tinta de Toro grapes. The musts obtained from the nanofiltration treatment have been mixed with 
untreated must or with the retentate of the first nanofiltration stage in a proportion adequate to reduce 
the alcohol content of the resulting wines by 2°. 

To verify the effectiveness of the process, each of these musts has been fermented along with an 
untreated control sample of the same must. The alcohol reduction in the wines has been satisfactory. 
However, a slight loss in the color and aroma of some compounds has been detected. 

© 2010 Elsevier B.V. All rights reserved. 


1. Introduction 

One of the most popular drinks in the world is wine, mainly in 
Mediterranean countries such as Spain, France or Italy, which not 
casually are the most important producers of wine in the world [1 ]. 

Wine is a complex alcoholic beverage with more than 800 
organic compounds [2] which contribute to the flavor and their 
specific aromas. This means that any wine process must optimize 
the aroma, the flavor and minimize the formation of non-desired 
characteristics (i.e. plastic flavor) [3,4]. In the last years, the alcohol 
content tended to increase, due to different factors. One of them is 
the sugar increase in must, attributed to the climate change. A pre¬ 
mature winemaking should result in a loss of other very relevant 
qualities linked to ripeness. Actually there is a growing demand, 
by consumers, of more powerful and full flavored wines that are 
achieved with greater maturity of the grapes, both skin and seeds. 
This means that producers struggle to achieve the same levels of 
phenolic ripeness and tannic characteristics without an increase in 
alcohol content. But, at the same time, consumers demand more 
and more reduced alcohol beverages as a result of health and social 
concerns (i.e. traffic penalties) [5]. 


* Corresponding author. Tel.: +34 983 423134; fax: +34 983 423136. 
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Wine producers have started to use dealcoholization process 
or methods to produce low alcohol-content wine. The most used 
method in the industry is the spinning cone column (SCC). SCCs 
are used in the food industry for the separation of volatile compo¬ 
nents from liquids and slurries [6-9]. This process requires several 
steps to remove first the wine aromas and afterwards alcohol and 
finally the aromas are added back to the dealcoholized wine. This 
is a long and expensive process. Other techniques have been used 
to reduce the alcohol content of wine: aerobic yeasts [10], ther¬ 
mal and distillation process, as evaporators, distillation columns or 
freeze concentration; or extraction processes [11]. 

Membrane filtration has been applied to wine for a long time: 
ultrafiltration (UF) to clarify white wine from grape must [12], sugar 
concentration using nanofiltration (NF) [13] and reverse osmosis 
(RO) [14] in musts. Reverse osmosis is also used to reduce alcohol in 
wines [15], but the problem is that RO membranes are permeable to 
both alcohol and water, and after the filtration it is necessary to add 
water again to the dealcoholized wine which creates legal problems 
in some countries where the addition of water is prohibited. Of 
course the permeated water could be separated from alcohol to 
add this water back to wine. This should be, in principle, allowed 
because this water is coming from the same wine. Other membrane 
processes, such as dialysis [16,17] or pervaporation [18] or vacuum 
membrane distillation [19], are being used to get low-alcohol wine 
or beer. 
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Fig. 1 . Diagram of the experimental setup used in the process of musts nanofiltration. 


Here we obtain low-alcohol wine by sugar control in winemak¬ 
ing. For this purpose, nanofiltration membranes have been used to 
reduce sugar concentration in must, previously to the fermenta¬ 
tion. The idea of reducing the resulting content of alcohol in wine 
by reducing sugar in the must by membrane processes is not new 
[20-22]. In this work, we will use two-step nanofiltration in order 
to simplify the process. This will be tested by treating the musts 
coming from two varieties of grapes, a white one ( Verdejo ) and a 
red one ( Tinta de Toro). 

Verdejo is one of the best Spanish white grape varieties. It is 
mainly grown in the Denomination of Origin Rueda (Valladolid), 
in the Autonomous Community of Castilla y Leon. It can be also 
found in Portugal. Verdejo wines have a unique flavor, with a hint 
of scrub herbs, a fruity touch and an excellent level of acidity. The 
extract, a key factor when assessing the personality of great white 
wines, is perceived through its volume and its characteristic bitter 
touch, which leaves a glint of originality in the mouth, accompanied 
by a rich fruity expression. These wines are harmonious, and their 
aftertaste induces to go on drinking. 

Tinta de Toro grapes are a variety of Tempranillo grape grown 
in the Denomination of Origin Toro in Castilla y Leon too. Tem¬ 
pranillo grapes are the most cultivated grapes in Spain. They are 
also grown in Portugal, Francia, Argentina and United States. Tinta 
de Toro wines can be consumed young (without oak), but most of 
them are aged for different periods of time in oak barrels. Tinta 
de Toro young wines have intense cherry pink color and hints of 
blue, indigo, violet and purple in the fine layer, with very important 
primary aromas of wild red fruits and important tannic acid compo¬ 
nent that rounds off with time, especially with the ageing in barrel. 
The wines aged in barrel (“crianza wines”) have red cherry color in 
the top layer and a great intensity of color with violet shades in the 
fine layer. Primary and secondary aromas appear in the olfactory 
phase with a great balance between wine and wood. These wines 


are well structured, with a compact body and a lasting spice and 
fragrant finish. 

After nanofiltration of these musts and once the fermentation is 
completed, a thorough analysis has been made to consider all the 
possible changes in the wine characteristics: chemical constituents, 
since the understanding of the chemical nature of the wine could 
help to improve the method [23 ] ; and volatile composition, because 
of the importance of the wine aroma, which is one of the main 
factors contributing to the quality of the wine [24-26]. 

2. Materials and methods 

2.2. Membrane equipment 

The experimental set-up used for must filtration is shown in 
Fig. 1. It consists of a feed vessel, with a cryogenic unit to assure 
the conservation of the must at low temperature (<10 °C), avoiding 
the fermentation; a magnetic coupled external gear pump, Tuthill® 
TXS2; a spiral wound module of nanofiltration HL Series Thin Film 
Membrane (reference HL2540FM) made and commercialized by GE 
Water & Process Technologies (Cutoff retention 98% for MgS0 4 ; 
water permeability from 0.94 x 10 -11 to 4.55 x 10 -11 m/Pas); pres¬ 
sure gauges to measure the inlet and outlet pressures in the 
membrane module; and flowmeters for retentate and permeate 
flux rate measurements. The module has a membrane area of 2.5 m 2 
with a channel length L= 1.016 m, wetted perimeter P=4.92 m, 
cross-section available for the flow A = 1.87 x 10 -3 m 2 . 

Previously to the choice of that membrane, a series of mem¬ 
branes in flat configuration, from GE Water & Process Technologies, 
were tested using isomolecular mixtures of glucose and fructose at 
a total concentration of 249.58 g/L (which is what is usually found 
in musts) and commercial musts. They are UF-GH, NF-HL, NF-DL 
and NF-DK; among the membranes studied by us, NF-HL seemed 
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Table 1 

Oenological parameters for the musts before the nanofiltration process. 


Must 

pH 

A.T. (g/L) 

MH2 

(g/L) 

TH2 

(g/L) 

Sugar 3 

(g/L) 

Glucose 

Fructose 

G/F 

Sugar b 

(g/L) 

Probable 
Alcoholic 
degree c %vol 

3 o 

W r-H 

t— 

so 2 t 

(mg/L) 

Potassium 

(mg/L) 

Tinta de Toro Initial 

3.76 

3.91 

4.4 

2.3 

247.7 

116.3 

155.8 

0.7 

272.1 

14.2 

32 

61 

1790 

Tinta de Toro Pre-filtered 

3.76 

3.87 

4.0 

1.9 

249.7 

87.0 

178.0 

0.5 

265.0 

14.3 

29 

53 

1780 

Tinta de Toro (control) 

3.76 

3.78 

3.8 

2.1 

244.0 

135.0 

128.5 

1.1 

263.5 

14.0 

29 

51 

1820 

Verdejo Initial 

3.42 

4.93 

4.5 

2.7 

208.0 

- 

- 

- 

- 

11.9 

29 

81 

1250 

Verdejo prefiltered and 

3.37 

4.79 

4.0 

2.8 

209.0 

109.0 

94.0 

1.2 

203 

12.0 

43 

49 

1090 


used as control 


A.T. = total acidity, S02L = free sulfurous oxide, S02T = total sulfurous oxide, G/F = glucose/fructose ratio, MH2 = malic acid; TH2 = tartaric acid. 
a Elaborated from the refractometer tables of equivalence brix-molarity [29]. 
b Addition of glucose and fructose as obtained by the enzymatic method. 

c Estimated from tables of the alcoholic degree to be expected from the sugar content of must [29] 


to be the adequate one as far as it gives a relatively low moderate 
retention of low molecular weight (LMW) compounds with a very 
high permeability. Results have been reported previously [27]. 

Before using the HL module, it must be rinsed with filtrated, 
distilled and de-ionized (Milli-Q quality) water for 2h to remove 
the preserving solution. This was done at 25 °C, at 10 bar and with a 
flow of 0.5 L/min. After that, to condition the module, Milli-Q.water 
was filtered during 2 h more at the same conditions of pressure, 
flow and temperature. Water permeabilities were measured after 
and before all filtrations and cleaning steps. 

2.2. Musts 

As already mentioned, two different musts have been used: 

1. The Verdejo white must : Initial must was obtained using the 
traditional white must production method: after the destem- 
ming, crushing, sulphiting and pressing processes, pectinolytic 
enzymes were added to the resulting must to enhance first clar¬ 
ification. Once the must had been cleared, a part of the must 
was filtered through 0.8 p,m plates in order to ensure optimum 
must clarity and to prevent rapid membrane fouling, thereby 
facilitating the filtering process. 30 L was used, with a sugar con¬ 
centration, measured by refractometry, of 209 g/L and a turbidity 
of 9.5 NTU. 

2. The Tinta de Toro red must: In this case, the part of the must 
whose sugar content was reduced was the first must obtained 
by drawing off. This process is carried out as soon as possible fol¬ 
lowing destemming, crushing and sulphiting, in order to reduce 
the presence of phenolic compounds in the must to a minimum. 
The must was then filtered first with 3 p,m plates and then with 
0.8 p>m plates in order to limit turbidity. In this case, the solid 
parts (which is called crushed mass and consists in the grape 
skins, seeds and so on) were cold-stored in airtight stainless steel 
tanks for addition to musts and to be fermented after nanofiltra¬ 
tion. 30 L was used, with a sugar concentration, measured by 
refractometry, of 244 g/L and a turbidity of 3.6 NTU. 

The addition of sulfur dioxide serves as an antiseptic and antiox¬ 
idant, protecting wine from spoilage by bacteria and oxidation. It 
also helps to keep volatile acidity at desirable levels. In order to 
prevent possible oxidation, the prefermentative dose is set to the 
maximum recommended value: i.e. 50mg/L approximately [28]. 
The composition of the original musts and its variation by the 
pre-filtering process through plate-filters is shown in Table 1. The 
difference between the pre-filtered musts and those used as control 
ones for the NF step is due to the time course from the plate-filtering 
day to the nanofiltration day. It is clear that must composition does 
not change significantly during plate-filtering. 


2.3. Procedure 

White must was kept at 3 °C during filtration. The operation con¬ 
ditions were 24 bar of pressure (averaged along the module with 
pressure drops of 1 bar approximately) and 1 L/min of recircula¬ 
tion flow rate. If the inter-membrane channel dimensions inside 
the module (that have been given in Section 2.1) are taken into 
account the tangential velocity in the module exit is 9 x 10 -3 m/s. 
The total sugar concentrations (glucose plus fructose), both in the 
permeate and in the retentate, have been determined by refrac¬ 
tometry every 30 min and the turbidity every hour. The flow in the 
permeate solution was measured every 30 min. 

The red must was kept at 6 °C. The operation conditions were an 
average pressure of 24 bars and recirculation flow rate of 1.5 L/min 
at the module exit, which supposes a tangential velocity in the 
channel exit of 13.5 x 10 -3 m/s. The total sugar concentration, in 
both permeate and retentate, turbidity and flow were measured 
every hour. In this case, due to the high content of total solids of 
the red wines, along with refractometry, polarimetry has also been 
used to determine the sugar concentration. 

The differences in temperature and recirculation flow are due 
to the higher viscosity and thus to the more elevated friction and 
resistance to pumping shown by the red must. In both cases the 
volume filtered and retained in each filtration step are shown in 
Table 2. 

For both musts, the way tested here as a possible method to 
reduce their sugar content consists in a double filtration in the 
following steps: 

• Firstly the untreated must (T) is filtered to get a low volume of 
sugar rich retentate (Rl) and a permeate with a medium sugar 
content (PI). 

• After that, the membrane is rinsed with tap water during 2 h and 
with Milli-Q water during 1 h. 

• Then, the first permeate (PI) is filtered through the same mem¬ 
brane until the viscosity and the osmotic pressure of the retentate 
do not allow any ulterior reduction of the retentate volume. This 
process provides a retentate (R2) with a high sugar content and 
a second permeate (P2) with a low sugar content. 


Table 2 

Filtration volumes for the musts in the nanofiltration process. 



1A/Vhite (L) 

V R ed (L) 

T 

30 

30 

PI 

14 

12 

Rl 

16 

18 

P2 

12 

10 

R2 

2 

2 
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Finally, in the case of white musts 

• The second permeate (P2) should be mixed with the first reten- 
tate (Rl) or with the untreated or control must, in the suitable 
proportions to produce the intended moderate reduction in the 
alcohol degree of the final wine retaining the specific character 
linked to the high molecular weight components. 

• Then both the mixtures Rl +T and Rl +P2 undergo the alcoholic 
fermentation 

While for the red musts 

• The second permeate (P2), the first retentate (Rl) and the control 
must (T) with corresponding amount of crushed mass go through 
the alcoholic fermentation. 

• Afterwards the fermented P2, Rl and T are mixed as Rl +T and 
Rl + P2 and then suffer the second or malolactic fermentation. 


Table 3 

Summary of the methods used for the determination of the more significant oeno- 
logical parameters for our musts and wines. 


Property 

Method 

Glucose and fructose 

Enzymatic method 

Total sugar 

Refractometry and polarimetry 

Density 

Brix degree for musts and densitometry for wines. 

pH 

pH-meter 

Total acidity 

Acid-base titration 

S0 2 

Iodometry 

Alcohol degree 

Distillation 

Malic acid 

Enzymatic method 

Tartaric acid 

Colorimetric method 

Potassium 

Atomic absorption spectroscopy 

Total polyphenols 

UV/Vis spectrophotometry 

Anthocyanins 

UV/Vis spectrophotometry 

Tartaric esters 

UV/Vis spectrophotometry 

Color 

UV/Vis spectrophotometry 

Volatile compounds 

Gas chromatography after extraction 


After that the resulting wines were analyzed attending to their 
chemical composition and their organoleptic properties. It is worth 
noting that several alcohol degree reductions have been obtained. 
To test the repeatability, two different fermentation containers (a 
and b) have been obtained for the same mixture. 

The performance of the process has been determined by mea¬ 
suring the resulting permeate flux rate as a function of time, at 
constant conditions of pressure and recirculation flux [30]. The 
concentration measure of permeate and retentate has allowed us 
to determine the time evolution of the observed retention of the 
system, R obs . 

Robs(t) = 1 - C -T ( 1 ) 

Co 


Re = 


Sc = 


vpd h 

Y) 

4 

pDoo 


(9) 

( 10 ) 


where A is the transversal area of the channel; P is the transver¬ 
sal perimeter of the channel; giving an hydraulic diameter 
d h = 1.52 x 10~ 3 m; v is the mean velocity inside the channel; p is 
the density 0.997kg/L; r\ is the viscosity 8.9 x 10 -4 Pas; D 00 is the 
diffusion coefficient of sugar 6.77 x 10 -10 m 2 /s. It is worth noting 
that v in Re is the average velocity along the channel that changes 
with Jy. 


2.4. Cleaning 


where c p is the permeate concentration and c 0 is the concentration 
of the feed. Membrane efficiency has been evaluated by determin¬ 
ing the true retention, R, which is calculated through the following 
equation, as a time function [31,32]: 

R(t) = \-5L (2) 

c m 

where c m is the concentration just in contact with the membrane 
which is bigger than the input concentration due to the accumula¬ 
tion of solute resulting from concentration polarization. 

The true retention of the membrane has been evaluated accord¬ 
ing to the film-layer theory and without taking into account the 
effects of osmotic pressure or fouling. To compute the true reten¬ 
tion, defined in Eq. (2), we need to calculate the concentration on 
the membrane surface, C m . To do this, the Film Theory is used to 
correlate the feed concentration, C 0 , with that on the surface of the 
membrane, C m [33]: 

C m = C p +(Co-Cp)ex p(l-) (5) 


After must filtration, an important reduction has been observed 
in permeability, due to the fouling of the module. In order to reduce 
the fouling, the module has undergone a series of cleaning pro¬ 
cesses after each filtration experiment (i.e. after each must had 
passed the two nanofiltration steps). All the procedures were per¬ 
formed at 25 °C, under transmembrane pressures of 8 bar and with 
a recirculation flow on through the feed channel of 5 L/min. 

• Rinsing with Milli-Q water during 60 min and permeability mea¬ 
surement. 

• After this, a solution of 0.1% of sodium dodecyl sulfate [34] 
was used to clean the membrane module during 60 min at. This 
reduces the surface tension of the liquid, making easier to remove 
the dirt. pH was adjusted to 9 with NaOH and HC1 during this 
cleaning step, according to the membrane manufacturers’ speci¬ 
fications. 

• Once more, rinsing with Milli-Q water during 60 min and perme¬ 
ability measurement. 

• Storage in phenol solution, with pH 6 


where K m is the mass transfer coefficient, which can be evalu¬ 
ated using the Graez-Leveque equation that, for laminar regime, 
states that the Sherwood number, S/i, can be written in terms of 
the Reynolds, Re, and Schmidt, Sc, numbers as: 


Sh = 1.85 



Re ■ Sc 


1/3 



where d h is the hydraulic diameter and L is the channel length, with 



Sh = 


4A 

~P 

Kmd b 

Do O 


(7) 

( 8 ) 


2.5. Must and wine analysis 

In order to analyze the possible changes in the properties of must 
after filtration and the reduced alcohol degree wines obtained, a 
complete analysis of them has been made. The oenological param¬ 
eters analyzed were determined according to the Organisation 
Internationale de la Vigne et du Vin (OIV) methods [35]. Table 3 
summarizes the main techniques used. 

The volatile compounds were isolated from wine by liquid- 
liquid extraction following the method described by Moio et al. [36]. 
Two hundred and fifty millilitres of wine, 5 mL of dichloromethane 
and 50 pi of an internal standard solution (2-octanol of 1000 pg/L) 
were introduced in a special flask in which oxygen had been previ- 
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Table 4 

Hydraulic permeability of the nanofiltration membrane, both initially and after several processes of filtration and sodium dodecyl sulfate cleaning. 


Process 

Before filtration 

After Verdejo filtration 

After 1 st cleaning 

After Tinta de Toro filtration 

After 2nd cleaning 

L p (10 -13 m/Pas) 

193 

125 

153 

157 

158 


ously removed by nitrogen. The flask was placed in an ice bath and 
stirred at 150 rpm for 3 h. Finally, organic phase was kept and stored 
at -80 °C until analysis. Each sample was extracted twice. Volatile 
compounds were analyzed, according to the method proposed by 
Ortega-Heras et al. [2], using gas chromatography. 

3. Results and discussion 

3.2. Nanofiltration processes 

As mentioned, water permeability was measured before and 
after every use (filtration or cleaning process). This has allowed 
us to determine the loss of permeability due to fouling during 
the must filtration and the recovery after the cleaning process. 
Results are presented in Table 4. The water permeability obtained 
is within the range given by the manufacturers. It can be noticed 
that after nanofiltration of white must, water permeability was 
reduced by 35% and there is a slight recovery after the clean¬ 
ing process, without reaching the original value of the brand 
new membrane (there is a final reduction of 20% over the orig¬ 


inal permeability). After filtration of red must, the permeability 
loss is almost negligible when compared with the permeability of 
departure and there is no recovery after the subsequent cleaning 
process. 

Fig. 2 presents the kinetics of the flow of must. Fig. 2a and b 
compare how the flux of must falls in terms of the initial water 
flux (Jv/Jvw) versus time, for the two musts (White and Red) and 
for the two consecutive filtration steps. It can be seen that the flux 
decrease is more significative in the case of the red musts than in 
the white ones. This decrease could be expected since there are 
several factors that promote this process [37,38]: 

• The osmotic pressure increase due to the increment of the con¬ 
centration of small molecules on the membrane surface (C m ) and 
due to the increment of their concentration in the retentate (C 0 ). 

• Thickening of the gel layer on the membrane surface due to the 
rise of the concentration of big molecules and colloids on the 
membrane surface (C m ). 

• Increase in the viscosity of the fluid that goes through the mem¬ 
brane pores. 



C 




d 



8 


. 


6 - 


® 1 st filtration Tinta de Toro Variety 
® 2 nd filtration Tinta de Toro Variety 


-/ / 




Water 

Rinsing 




(t/syio- 3 



0 10 20 30 


Fig. 2. Flux decay kinetic versus time, (a and b) Normalized flux decay with the water flux of the membrane before nanofiltration process (J Vw = 4.63 x 10 5 m/s before the 
white wine filtration and J Vw = 3.67 x 10 -5 m/s before the red wine filtration), and (c and d) sequential representation of both filtration processes for each must. 
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Fig. 3. Sequential representation of both observed and true retention for the nanofiltration processes: (a) white must and (b) red must. 


• Fouling due to the reversible or irreversible adhesion of the 
molecules on the membrane surface or inside the pores. 


When the overall process is taken into account the evolution of 
the volume flow can be written as: 


7v(0 


AP - Aj r(t) 
r/(t)Rsys(t) 



where Ap is the applied pressure gradient, Ajr(t) is the osmotic 
pressure gradient which depends on the concentration difference 
between the both sides of the membrane, 77 (f) is the viscosity of the 
solution and, R sys {t) is the system resistance, which is the addition 
of several contributions as: 


Rsys{t) — Rm + Rg(t) + (4) 

The addends are the resistance of the whole membrane, R m ; 
the resistance of the gel layer, R g (t ); and the resistance due to the 
fouling by molecules adsorption on the membrane (reversible or 
irreversible), Rj(t ) [39]. 

The importance of all these processes is increased with time. 
The first one can be modeled easily using the osmotic pressure 
model. The second and third processes can be understood using 
the gel layer model with variable feed concentration and increas¬ 
ing viscosity. The fourth process can be modeled with different 
kinetic mechanisms. These can appear simultaneously although in 
different proportions throughout the process [37,40,41 ]: 


• Pore blocking that appears when molecules, with a size simi¬ 
lar to the pore radius, block it and make it useless for the flux, 
decreasing the permeability. 

• Adsorption on the pore walls that reduces the pore radius and 
thus the flux. In this case it appears an increasing rejection for 
molecules with the appropriate size; i.e. bigger than the new 
reduced pore radius. This means that the threshold molecular 
size of rejection decreases. 

• Surface adsorption and accumulation in a layer on the surface 
of the membrane to form what is customarily called a “cake”. 
This cake plays the role of a pseudo-membrane that changes both 
the permeability and the selectivity properties. This layer is nor¬ 
mally built up from molecules that are bigger than the pore size 
with a contribution of the small ones as well. It differs from the 
concentration-polarization gel layer in the irreversible character 
of the cake which is only eliminated by cleaning as is the case 
with all the fouling mechanisms described. 


The contribution of the osmotic pressure effect should be sim¬ 
ilar for both musts, white and red, because the concentration of 
small molecules (mineral salts, sugars, organic acids and other 
small molecules) is similar in both cases, as shown in Table 1 if we 
average the concentration of these compounds for both musts. This 
fact is illustrated in Fig. 2b, which shows a very similar behavior for 
both musts in their second filtration. A dramatic decline appeared 
during the first filtration that can be attributed to larger molecules. 
The contribution of the gel layer, the increasing viscosity and the 
cake formation effects is much more significant in the case of red 
musts, because in them there is a much higher concentration of 
large molecules such as proteins and polyphenols (Fig. 2a). White 
musts show higher flows decreasing also more slowly than the cor¬ 
responding flows for the red musts during the first filtration step, 
that thus ended before for white than for red musts. For the sec¬ 
ond filtration step, white musts presented also higher fluxes but 
decreasing faster than for the red musts leading to a more similar 
time span for this second filtration step. 

The importance of fouling mechanism is shown in Fig. 2c and d 
where it is seen that because the first permeate (PI) has a smaller 
concentration of large molecules, the initial flow of the second fil¬ 
tration is higher than the initial one of the first filtration stage. In 
the second stage, the effect of osmotic flow is also reduced as far 
as the concentration of sugar and other substances of low molecu¬ 
lar weight decreases after the first filtration step. As a consequence 
the time for the completion of second nanofiltration step is shorter 
than for the first one, for both musts. 

All these processes cause changes in the membrane retention 
over time. In order to highlight this fact, the sugar concentration 
has been determined versus the permeation time for both perme¬ 
ate and retentate, at both stages and for both musts. As mentioned 
before, in the case of white musts, concentrations were measured 
by refractometry, whereas for the red ones, they have been mea¬ 
sured by polarimetry, due to the interferences caused by the high 
solid content of red musts in the refractrometric results. Using Eq. 
(1), R 0 (t ) has been determined. Fig. 3a and b show that there is 
a decline in retention that should have been expected due to the 
increase in the concentration of the retentate that produces an 
increase in the concentration polarization and osmotic pressure 
effects. Moreover, fouling also changes the retention conditions of 
the membrane because it causes a decrease in the flow with time 
and it is known that lower fluxes are associated with lower reten¬ 
tions. Note that retention is higher for Tinta de Toro must than for 
Verdejo. 
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Table 5a 

White musts ( Verdejo ). Total sugar concentration, determined by different methods, glucose and fructose concentrations, glucose versus fructose ratio and the expected 
alcoholic degree estimated before fermentation. (T: control must, PI: first permeate, P2: second permeate, R1: first retentate, R2: second retentate). 


Must 

Sugar 9 (g/L) 

Glucose (g/L) 

Fructose (g/L) 

G/F 

Sugar b (g/L) 

Probable alcoholic 
degree 0 (%vol) 

T 

209.0 

109.0 

94.0 

1.2 

203 

12.0 

PI 

133.0 

78.0 

66.0 

1.2 

144 

7.3 

P2 

95.0 

61.0 

51.0 

1.2 

112 

5.0 

R1 

247.0 

144.0 

139.0 

1.0 

283 

15.9 

R2 

268.0 

141.0 

128.0 

1.1 

269 

15.5 

a Elaborated from the refractometer tables of equivalence brix-molarity [29]. 
b Addition of glucose and fructose as obtained by the enzymatic method. 

c Estimated from tables of the alcoholic degree to be expected from the sugar content of must [29]. 




Table 5b 







Red musts ( Tinta de Toro). Total sugar concentration, determined by different methods, glucose and fructose concentrations and glucose versus fructose concentrations ratio 

and the expected alcoholic degree estimated before fermentation. (T: control must, PI: first permeate, P2: second permeate, R1: first retentate, R2: 

second retentate). 

Must 

Sugar 9 (g/L) 

Glucose (g/L) 

Fructose (g/L) G/F 

Sugar b (g/L) 

Sugar c (g/L) 

Probable alcoholic 
degree d (%vol) 

T 

244.0 

135.0 

128.5 1.1 

263.5 

253.81 

14.0 

PI 

146.0 

81.0 

75.0 1.1 

156 

159.90 

8.4 

P2 

94.0 

59.2 

53.8 1.1 

113 

101.52 

5.6 

R1 

294.0 

149.0 

157.0 0.9 

306 

329.95 

16.8 

R2 

290.7 

153.5 

150.5 1.0 

304 

312.18 

16.6 


a Elaborated from the refractometer tables of equivalence brix-molarity [29]. 
b Addition of glucose and fructose as obtained by the enzymatic method. 
c Addition of glucose and fructose as obtained by the polarimetric method. 

d Estimated from tables of the alcoholic degree to be expected from the sugar content of must [29]. 


Fig. 3a and b show the results for the true retention R{t) along 
with the corresponding R 0 {t) as commented. It can be noted that in 
both musts and filtration stages the difference between the true and 
observed retention is very small. This is because the effect of sugar 
on the formation of the gel layer is not important. Furthermore, 
by looking at the second stage, where much of the large molecules 
have been eliminated, R is not constant. This is because the effect 
of the osmotic pressure is the determining factor in this case. 

3.2. Analysis of the filtrated musts 

Recalling that the aim of this work is to get a small reduction 
in the alcohol content of wine using the permeate of the second 
filtration process and the retentate of the first filtration step, it is 
clearly essential to analyze the main characteristics of the obtained 
musts. To do this, the concentrations of the final products of the 
permeate and retentate have been studied, for each stage of the 
process. Given the large number of substances involved in the wine 
composition, we will classify them into three groups: sugars, other 
small molecular weight substances and polyphenols. 

The fundamental objective is the sugar reduction in the final 
permeate, in such a way that an adequate mixing of it with 
the retentate of the initial process or with the untreated must 
could lead to must with an adequate reduction in sugar. The 
simplest method of determining the sugar content is from the 
index of refraction, where only a drop of the sample is required. 
Unfortunately, this method is interfered by the presence of other 
substances in wine, and involves some error, especially when the 
filtration is changing the balance of these other substances. The 
polarimetric method has less interference, but the accuracy is not 
high due to the opposed rotation of the polarization plane induced 
by the two main sugars appearing in wine. Finally, the enzymatic 
method allows us to determine the amount of glucose and fructose 
separately, with greater accuracy and it is recommended by the OIV. 

Tables 5a and 5b show the results of the sugar determination 
for the untreated or control must and for the final permeate and 
retentate, after each process. With the errors inherent in each tech¬ 
nique, it can be said that the results are similar for all the methods. 


In terms of classic oenological parameters, the application of mem¬ 
brane treatments merely modified the total sugar concentration of 
the initial must and therefore the probable alcohol contents to be 
reached after fermentation, as the glucose/fructose ratio found in 
the control must was equal to that found in the permeate, obtained 
after the second filtration step (P2). The alcoholic grade of the wine 
that would be obtained from the musts is presented in the last col¬ 
umn of these tables. Note that in the case of the white musts after 
fermentation we would reduce the alcohol degree from 12° to as 
low as 5°, and for the red we should go from 14° to 5.6°. However, 
our goal is not to drastically reduce the alcoholic degree, but a small 
reduction as we have said it would be achieved by mixing the final 
permeate with the initial retentate or with the control must. In this 
way, it would regain other important substances in the winemaking 
process that have not passed to the final permeate. 

For the sake of a quantification of the effectiveness of nanofil¬ 
tration stages, the sugar reduction, r, has been determined for each 
stage, for the total process and referred to the control must: 

r = 1-4 ( n ) 

r L 

L r 

where c£ is the concentration in the permeate tank and c\ is the 
concentration in the retentate one, once the process has been fin¬ 
ished. 

For these calculations, the concentrations determined by the 
enzymatic method (more accurate) have been used. Table 6 shows 

Table 6 

Sugar reduction in musts for different processes. 


Process White must (%) Red must (%) 


cbpi) 

1st Process: r = 1 — y -— 

4(ri) 

49.1 

49.0 

d( P2) 

2nd Process: r = 1 — j -—- 

<(R2) 

58.4 

62.8 

c f (P2) 

Global process: r = 1 ——- 

F c((Rl) 

60.4 

63.1 

d(P2) 

For control must: r = 1 —yyy 

44.8 

57.1 
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Table 7a 

pH, acidity and substances of low molecular weight for the white musts (from Verdejo grapes). 
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Must 

pH 

A.T. (g/L) 

MH2 (g/L) 

TH2 (g/L) 

Potassium (mg/L) 

T 

3.37 

4.79 

4.0 

2.8 

1090 

PI 

3.68 

4.56 

4.0 

2.0 

1030 

P2 

3.23 

4.16 

3.6 

2.0 

880 

Rl 

3.35 

5.11 

4.0 

3.6 

1010 

R2 

3.35 

4.59 

4.0 

2.9 

1220 


Table 7b 

pH, acidity and substances of low molecular weight for the red musts (from Tinta de Toro grapes). Note that some items have not been measured for PI because they were 
considered irrelevant for our purposes. 


Must 

pH 

A.T. (g/L) 

MH2 (g/L) 

TH2 (g/L) 

S0 2 L (mg/L) 

S0 2 T(mg/L) 

Potassium (mg/L) 

T 

3.76 

3.78 

3.8 

2.1 

29 

51 

1820 

PI 

3.75 

3.45 

3.7 

1.6 



1700 

P2 

3.75 

3.45 

3.8 

1.5 

3 

20 

1630 

Rl 

3.74 

3.80 

3.8 

1.9 

30 

72 

1920 

R2 

3.75 

3.57 

3.4 

2.2 

8 

40 

1720 


these retentions as percentages. It is noted that whereas in the first 
stage the sugar retention is similar for white and red musts, in the 
second process, in the total one and also by comparing with the 
control must, the sugar reduction is more significant in the case of 
red musts. This was to be expected due to the presence of higher 
amounts of colloidal substances in red musts. These stick on to the 
membrane surface and form a pseudo-membrane which adds its 
own retention capacity to that of the actual membrane. 

Tables 7a and 7b show the results of the analysis of other rele¬ 
vant low molecular weight substances. The general trend is a slight 
decrease of these substance in the permeates and an increase in 
the retentates. But these variations are too small for most of these 
compounds. Therefore, they should be much less important in the 
onset of the osmotic pressure gradient than sugars. 

The retention of these substances should also be related with 
their molecular weight and with their charge, because the HL 
membrane has an isoelectric point of 3.3 [34] and the mem¬ 
brane is negatively charged at pH of the musts (see Table 1). 
This explains the ion retention, as for potassium despite its low 
molecular weight (MW = 39.1 g/mol). In the case of the malic acid 
(MW = 134.09 g/mol, p/< r =3.40), variations are more associated to 
the error of the calculation method than to the filtration pro¬ 
cess. However, tartaric acid (MW = 150 g/mol, pK'=3.03) with only 
slightly higher molecular weight and lower p I< (higher ionization) 
is more retained than malic acid. 

In the case of S0 2 (MW = 64.1 g/mol) for red musts, where it was 
added to the must to prevent oxidation and as antiseptic among 
other functions, it can be seen that there is a high retention (see 


Table 7b) of the free S0 2 . This must be due to the formation of sul- 
furous acid that should be strongly dissociated and thus retained 
by a charge mechanism. Other possible reason for the low content 
of S0 2 in the permeates could be its elimination due to evapora¬ 
tion because it is highly volatile. Many of these substances are also 
associated with others of a higher molecular weight, in that way 
they are retained by the membrane despite its small size. 

The phenolic compounds are mainly related to the color of wine 
and have higher molecular weights than sugars. Due to their size, 
they present a high retention, which will force to recover these 
substances for the final wine by mixing the permeate (P2) with 
the initial retentate (Rl) or the control wine (T) in order to avoid 
arriving to a unbalanced wine. In that way we can recover the levels 
of total polyphenols, catechins, tartaric esters and flavonols than 
the control white must had initially. As shown in Fig. 4a and b, these 
compounds are retained mainly during the initial filtering phase. 

Taking into account the volumes of the solution filtrated 
(Table 2), the last permeate (P2) and the initial retentate (Rl) have 
the highest volume. The first permeate (PI) has an intermediate 
volume and it is filtered again; and, the only solution whose com¬ 
pounds are never entering the final wine is the retentate of the 
second filtration (R2). Table 8 shows the total volume of must lost 
when the P2 + T and P2 + Rl blendings are done. It is worth noting 
that the two-step nanofiltration step was not designed by taking 
into account the efficiency in volume of the process for the P2 + T 
mixture but rather with the P2 + Rl in main. This is why the volume 
loss resulted relatively high. An optimization of the details of the 
process should eventually optimize these volume losses. 




Fig. 4. Concentration of the compounds related with the color and absorbance at 420 for the control must and the other different mixtures of the white must filtrated (a) 
polyphenols, catechins, (b) tartaric esters, flavonols and Abs 420 absorbance at 420 nm. 
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Fig. 5. Concentration of the compounds related with the color of the control must and the other different mixtures of the red must filtrated, (a) Phenolic analysis musts, (b) 
IC: Color index (defined as the addition of absorbances at 420 nm, 520 nm and 620 nm) and percentage of the three fundamental colors. 


Table 8 

Lost volume for the must in the nanofiltration process. 



% volume white 

% volume red 


must lost 

must lost 

P2+T 

45.0 

50.0 

P2 + R1 

6.7 

6.7 


The relation between the concentration in the retentate (Rl) 
and that in the permeate (P2) is about 10 for total polyphenols 
and flavonols, and a somewhat higher, about 30, for catechins and 
the tartaric esters. The analysis of absorbance at 420 nm (mainly 
responsible for the color of white musts) has a difficult to inter¬ 
pret behavior. In any case, the relation R1/P2 is approximately 32 
which is similar to that for the concentrations of catechins which 
seems to indicate that catechins should be mainly responsible for 
the color formation with less influence of the other polyphenols 
and flavonols. On the other hand, the permeates have a color index 
close or even higher (this is the case for PI) than that of the control 
wine. This increase in the base color level indicates that it is not 
only controlled by catechins and flavonols. The observed general 
slight increase of color should be due to some oxidation during the 
filtration steps (mainly during the first filtration step). 

Fig. 5a presents the results of the process for total polyphenols, 
anthocyanins and catechins for red musts (Tinta de Toro). The rela¬ 
tion R1/P2 is approximately 30 for polyphenols, about 200 for the 
catechins and more than 5000 for the anthocyanins. In this case 
the retention is much higher than for white musts, due to the big 
number of substances and their high concentration in red musts. 
Retention of total polyphenols is almost 7 times higher for red 
musts than for white musts while the ratio for catechins is almost 
33. 

Fig. 5b shows the results of the color analysis for the red must. 
There is a strong reduction in the color index, due to the high molec¬ 
ular weight of the substances giving the color to the red must. 
These substances have a strong colloidal character, which keeps 


facilitating their aggregation [42]. If we analyze the variation of 
fundamental colors, they clearly show a reduction of the red inten¬ 
sity in P2 and an increase in Rl when compared with the control 
must T, with opposite tendencies for both the yellow and the blue 
components. This increase for the yellow component in P2 is pos¬ 
sibly due to some oxidation appearing during filtration as already 
noted with white musts. 

3.3. Production and analysis of wines 

Several wines have been produced with the white and red 
musts. In the case of the white must, the following wines were 
made in order to assess the quality of the final wines with reduced 
alcohol content: 

• Control wine made from the control must (T). 

• Low alcohol content wine 1 obtained from the control must T plus 
the nanofiltered permeate P2 in proportions intended in order to 
reduce the probable alcohol content by approximately 2°. (T + P2). 

• Low alcohol content wine 2 made from the nanofilter permeate 
P2 plus the retentate of the first nanofiltration step Rl. Here the 
intended alcohol reduction is also of approximately 2° (Rl +P2). 

• Retentate wine 1 obtained from the fermentation of the nanofil¬ 
tered retentate (Rl). 

• Retentate wine 2 obtained from the full fermentation of the 
nanofilter retentate (R2). 

All the experiments were carried out in duplicate in 4-L tanks. In 
all cases fermentation was initiated by the inoculation commercial 
yeast and at a controlled temperature. Once the alcoholic fermen¬ 
tation was completed the wines were racked, bottled and stored 
for their later analysis. 

Table 9 shows the results for the analysis of the white wines 
made by us. After alcoholic fermentation, wines T + P2 and Rl + P2 
had an alcohol content decreased by 2.5° and 3.3° (v/v), respec¬ 
tively, when compared with that of the control wine T. In both cases 


Table 9 

Classical oenological parameters of the white wines after alcoholic fermentation. 


Operation 

pH 

A.T. (g/L) 

A.V. (g/L) 

MH2 (g/L) 

TH2 (g/L) 

Sugar (g/L) 

Alcoholic degree %vol 

Potassium (mg/L) 

T 

3.05 

7.42 

0.21 

2.9 

2.8 

1.65 

12.71 

675 

T + P2 

3.08 

7.78 

0.13 

2.9 

4.1 

1.64 

10.14 

945 

Rl +P2 

3.06 

7.78 

0.13 

2.8 

4.2 

1.66 

9.34 

915 

Rl 

3.14 

7.43 

0.35 

2.7 

2.8 

2.12 

16.82 

660 

R2 

3.07 

8.17 

0.18 

2.7 

2.3 

1.77 

13.71 

790 


A.V. = volatile acidity. 
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Fig. 6. Concentration of the compounds related with the color and absorbance at 420 for the control and the other white wines (a) polyphenols, catechins, (b) tartaric esters, 
flavonols and Abs 420 absorbance at 420 nm. 


the reduction achieved was higher than the 2° initially anticipated, 
this difference is attributable to the difficulty involved in deter¬ 
mining the exact proportions of musts to blend. It is worth noting 
that these wines with reduced alcohol content had higher levels of 
tartaric acid and potassium than the other wines produced, prob¬ 
ably due to the fact that in the wines with high alcoholic degree, 
the reaction of tartaric acid with potassium is favored giving potas¬ 
sium bitartrate that precipitates [28] (Table 9). In the case of the 
other oenological parameters studied, no significant differences 
were found between the various wines elaborated. 

Fig. 6a and b show the concentrations of polyphenols and other 
compounds related with color for each of the wines produced. There 
is a very weak decrease of total polyphenols and color index at 
420 nm in the reduced degree wines compared with the control 
wine. Nevertheless, a slightly higher decrease appears for some spe¬ 
cific compounds such as tannins. As logically it should be expected 
that in R1 there is an accumulation of these substances. 

A similar process was used for the making of the Tinta de Tow 
wines, but in this case the must was not blended prior to be fer¬ 
mented but they were fermented separately and later brought 
together to obtain a wine with the desired alcohol content. A 40% 
of the crushed mass was added to the T, R1 and P2 musts and then 
fermented. Each of these musts was fermented by duplicate in 35-L 
tanks. Once the alcoholic fermentation was completed, the wines 
were racked. Next, and in accordance with their alcohol content, 
they were mixed. The following wines were produced: 

• Control wine (T). 

• Low alcohol content wine 1 made by mixing the control wine with 
an adequate amount of the wine obtained from the fermentation 


of the nanofiltration permeate to get a reduction in the alcohol 
content in approximately 2° (T + P2). 

• Low alcohol content wine 2 obtained by combining the fermented 
retentate resulting after the first filtration step R1 and the corre¬ 
sponding part of the wine obtained from the fermentation of the 
final permeate P2. The intended reduction in the alcoholic content 
was also approximately 2° (R1 + P2). 

• Once the wines were blended, the next stage was the malolactic 
fermentation, after which the wines were racked and bottled for 
analysis. 

The results obtained for the oenological parameters for the red 
wine, after alcoholic fermentation, were similar to those obtained 
for the white wines. This means that the filtering process only 
retained reducing sugars while allowing malic and tartaric acids 
and potassium to pass (Table 10a). Therefore the only difference 
clearly detectable is the alcoholic degree. This difference in the alco¬ 
hol graduation remains as the single singularizing factor after the 
malolactic fermentation (Table 10b). 

Nanofiltration clearly did not allow the phenolic compounds to 
pass freely to the permeate. In effect, polyphenols, anthocyanins, 
catechins and tannins - all large compounds - are relatively scarce 
in P2 and consequently their concentrations increased in R1, as was 
already commented referring to the red musts. Red wines have also 
been analyzed to know the changes in the concentrations of these 
large molecules as shown in Fig. 7a. Moreover the proportions of 
anthocyanins in monomeric or polymeric forms and the amount 
of copigments in presence have also been studied and shown in 
Fig. 7b. As expected, the largest molecules are more abundant in 


Table 10a 

Classical oenological parameters for the control wine and the different products of filtration and mixtures after alcoholic fermentation for red musts ( Tinta de Toro). Note 
that some items have not been measured for P2 and R1 because they were considered irrelevant for our purposes. 


Wine 

pH 

A.T. (g/L) 

A.V. (g/L) 

MH2 (g/L) 

TH2 (g/L) 

Sugar (g/L) 

Alcoholic degree %vol 

Potassium (mg/L) 

T 

3.69 

6.58 

0.55 

3.2 

3.6 

1.50 

14.82 

1760 

P2 

3.64 

5.86 

- 

- 

- 

- 

7.82 

- 

R1 

3.80 

6.29 

- 

- 

- 

- 

17.54 

- 

T+P2 

3.70 

6.73 

0.46 

3.3 

3.6 

1.30 

12.96 

1730 

R1 +P2 

3.70 

6.02 

0.41 

3.3 

3.7 

1.30 

12.73 

1630 

Table 10b 









Classical oenological parameters for the control wine and the different products of filtration and mixtures after malolactic for red musts ( Tinta de Toro). 


Wine 

pH 

A.T. (g/L) 

A.V. (g/L) 

MH2 (g/L) 

TH2 (g/L) 

Sugar (g/L) 

Alcoholic degree %vol 

Potassium (mg/L) 

T 

3.89 

5.05 

0.65 

0.10 

1.17 

1.30 

14.28 

1555 

T+P2 

3.88 

4.69 

0.57 

0.10 

0.98 

1.30 

12.49 

1435 

R1 +P2 

3.87 

4.16 

0.52 

0.10 

0.94 

1.30 

12.47 

1380 
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Fig. 7. Concentration of the compounds related with the color of the control and other red wines after alcoholic fermentation, (a) Phenols and (b) % Anthocyanins. 


the wines obtained from the retentate and the smallest ones in the 
wines made from the permeates. The low content of copigments 
and the high content of monomer suggest a possible rupture of 
the copigments molecules during the nanofiltration process. In any 
case it seems clear that the T + P2 appears as the most similar to 
the control red wine in concentrations of large molecules and also 
attending to the different fractions of anthocyanins. 

After the malolactic fermentation, these compounds have been 
also studied along with the tartaric esters and flavonols (Fig. 8a and 


b). The final wines with a decreased alcohol content also revealed 
lower concentrations of phenolic compounds than those in the con¬ 
trol wine. This loss of phenolic compounds during nanofiltration 
led to a significant reduction in color intensity. This was partic¬ 
ularly noticeable in the case of wine R1 +P2. In the case of wine 
T + P2 these differences were less than 12% of the total polyphe¬ 
nols, anthocyanins and catechins. Although the color of this wine 
was less intense than the control wine, the tone and percentages 
of blue, yellow and red were similar (Fig. 8c). 




Fig. 8. Concentration of the compounds related with the color of the control and other red wines after malolactic fermentation: (a) polyphenols, anthocyanins, catechins, 
tannins, tartaric esters and flavonols, (b) % anthocyanins, (c) IC: Color index, tonality and percentage of the fundamental colors. 
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Fig. 9. Concentration in mg/L of the different families of volatile compounds present in the control wine and in the reduced alcohol wines: (a) white wines and (b) red wines. 


The volatile fraction was also analyzed in order to help the 
study of the organoleptic properties of the final white and red 
wines. Because a great amount of volatile compounds were identi¬ 
fied, the results have been analyzed after grouping the quantified 
volatile compounds in a few relevant classes. The compounds were 
grouped according to chemical similarities. The following groups 
were formed: 

• Ethyl esters (Total Et-Est): ethyl-butyrate, isovalerate, hexanoate, 
octanoate, decanoate, and lactate; di-ethyl succinate and glu- 
tarate; and ethyl-3-hydroxybutyrate. 

• Fusel alcohol or Superior alcohols and benzyl alcohol (Total 
Sup Ale): butanol, isobutanol, pentanol, isopentanol, heptanol, 
octanol, 2 -phenyl-ethanol and benzyl alcohol. 

• Acetates (Acetates): isoamyl-acetate, hexyl acetate, and 
phenylethyl acetate. 

• Fatty acids and succinic acid (Total Fatty Ac): succinic, pentanoic, 
isopentanoic, hexanoic, octanoic, decanoic and dodecanoic acids. 

• Lactones (Total Lactones): 7 -Butyrolactone and 7 -nanolactone. 

• C 6 alcohols (Total C 6 -OH): hexanol and cis and trans-3-hexen-ol. 

• Terpenic compounds (Total Terpenes): a-terpineol, citronellol, 
geraniol, linalool, nerol, and (3-ionone. 

• Benzaldehyde. 

• Methionol and 

• Geranic acid. 

The volatile profile of control white wines (T) was largely dif¬ 
ferent from that of the wines obtained after modifying the sugar 
levels of the must (T + P2 and R1 + P2). These wines were very simi¬ 
lar between them (Fig. 9a). Important differences were found for all 
the studied compounds between the control wine and the reduced 
alcohol wines being the control wines richer in volatile compounds 
than the rest of the wines. Quantitative important differences in the 
levels of fusel alcohols, fatty acids, ethyl-esters, lactones, acetates 
and terpenoids were observed. On the other hand, the level of ben¬ 
zaldehyde detected in control wines was lower than in the rest of 
the wines. These results could be linked to the lack of sugars in 
the “modified musts”, this should lead to a less intense fermen¬ 
tation process with a lower production of fermentation volatiles. 
Regarding terpenic compounds, some low levels of terpenes could 
be found in grapes, however in the fruit are predominant the odor¬ 
less forms (glycosides structures) known as precursors. They are 


hydrolyzed during the alcoholic fermentation by enzymatic action 
of the yeast, increasing the levels of terpenes in wines (respect to 
the must). So, a more intense fermentation process should enhance 
a more efficient hydrolysis leading to a higher formation of these 
compounds. Furthermore, the precursors could be eliminated dur¬ 
ing the NF process of the must, specially during the first step, 
remaining in the retentates. 

The results for the volatile compounds of the products obtained 
by fermentation of the retentates R1 and R2, which are not shown, 
gave volatile profiles that were different from those for the elab¬ 
orated wines, being in general richer in volatile compounds. R2 
resulted was especially rich in lactones and R1 was principally 
rich in terpenic compounds. This fact is associated and corrobo¬ 
rated with the comments about the retention of the precursors in 
the retentate of the first NF step. The products obtained after fer¬ 
mentation of retentates were judged as intense odorant products, 
reasonably balanced in the tasting analysis. 

In the case of red wines (Fig. 9b), the most important differences 
are found in fatty acids, ethyl-esters and lactones. As in the previous 
situation, this behavior may be due to the combination of a number 
of factors associated with the low sugar levels in the musts and the 
retention of substances during NF treatment. 

These results agree with the taster’s comments who indicated 
that control wines showed more intense aroma, with higher floral 
and fruity notes, whereas the wines elaborated with filtered musts 
were less intense in the olfactory phase. In effect 

• The sensorial analysis of the elaborated white wines with reduced 
alcohol content revealed no defects in terms of their color or olfac¬ 
tory qualities. Indeed, no differences were observed between the 
color of the control wine and those with a reduced alcohol con¬ 
tent. On the nose, the control wine displayed a greater aromatic 
intensity when compared to those wines with reduced alcohol 
content. As should be expected, the greatest variations were 
detected during the tasting phase, as the reduction in the alco¬ 
hol level modifies the taste perception of the other compounds 
present in the wine. The wines with a reduced alcohol content 
were described by the tasters as being more acidic and lighter 
than the control wine, especially wine R1 + P2, maybe because its 
alcohol content resulted to be slightly lower than for T + P2. 

• In the sensorial analysis of red wines, no differences in color were 
found, although variations were observed during the olfactory 
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phase. The aroma of wine T + P2 was less intense than the control 
wine, whilst artificial pharmacy/chemist aromas were detected 
in the case of the R1 + P2 wine. In the mouth, the only differ¬ 
ences detected between the control wine and the wines with 
reduced alcohol content consisted in the gustative translation of 
this olfactory observation. 

4. Conclusions 

As an answer to the modern trends towards healthy lifestyles 
and reduced calorie intake, a new method to obtain low-alcohol 
wines is proposed here. The advantage of this method is to work 
with musts, instead of manipulating the wines. This should make 
easier to preserve the organoleptic properties resulting from fer¬ 
mentation. In view of the results and their comparison for the 
untreated wines and the newly obtained, we consider that the prod¬ 
uct, especially T + P2, exhibits good results. Until now one of the 
problems was the no completely satisfactory sensory quality of the 
lower-alcohol wines. Attending to the results obtained in terms of 
aroma and taste, it seems appropriate to try to reduce the filtration 
time, for example by increasing the membrane area or maybe the 
applied pressure. An increase in the tangential velocity should be 
dangerous as could increase oxidation of the musts. It should be also 
interesting to work in an inert atmosphere in order to reduce the 
loss of flavor and prevent possible oxidation of some compounds. 

Concerning the flux decay detected, it cannot be avoided 
because musts are really complex liquids with extreme colloidal 
and fouling properties. Nevertheless, the extent of the decay allows 
a relatively long-term stability and recovery after cleaning that 
permitted adequate nanofiltration. 

Obviously, the success of the method depends on the character¬ 
istics of the wine as an answer to the demanded product; and on 
the production cost, which is a critical factor in the viability. This 
method is inexpensive in terms of production costs and although it 
leads to a loss of volume of the must, the profitability of the process 
can be increased using the retained portion R2 for the production 
of sweet wines, liquors or additives for functional foods. 

Acknowledgements 

The authors thank the Junta de Castilla y Leon for financ¬ 
ing this research through the projects BU-03-C3 (INNOVIN- 
ALCOHOLGRADE) and Grupos de Excelencia-GR18, along with 
the Ministerio de Educacion y Ciencia (Plan Nacional de I + D + i) 
through CTQ2009-07666. 

References 

[1] World Wine Producers by Country, The Wine Institute, California, USA, 
http: //www. wineinstitute.org/resources/statistics. 

[2 ] M. Ortega-Heras, M.L. Gonzalez-San Jose, S. Beltran, Aroma composition of wine 
studied by different extraction methods, Anal. Chim. Acta 458 (2002) 85-93. 

[3] M. Ortega-Heras, M.L. Gonzalez-Sanjose, C. Gonzalez-Huerta, Consideration of 
the influence of aging process, type of wine and oenological classic parameters 
on the levels of wood volatile compounds present in red wines, Food Chem. 
103 (2007)1434-1448. 

[4] S Perez-Magarino, M. Sanchez-Iglesias, M. Ortega-Heras, C. Gonzalez-Huerta, 
M.L. Gonzalez-Sanjose, Colour stabilization of red wines by microoxygenation 
treatment before malolactic fermentation, Food Chem. 101 (2007) 881-893. 

[5] J. Masson, P. Aurier, F. D’hauteville, Effects of non-sensory cues on perceived 
quality: the case of low-alcohol wine, Int. J. Wine Bus. Res. 20 (3) (2008) 
215-229. 

[6] Y. Yulissa, B. Sanchez, A. Taboada-Rodriguez, F. Martin-Iniesta, A. Lopez- 
Gomez, Dealcoholized wines by spinning cone column distillation: phenolic 
compounds and antioxidant activity measured by the l,l-diphenyl-2- 
picrylhydrazyl method, J. Agric. Food Chem. 57 (2009) 6770-6778. 

[7] J.J. Rodriguez-Bencomo, M. Ortega-Heras, S. Perez Magarino, E. Cano-Mozo, C. 
Gonzalez-Huerta, P. Herrera, Desalcoholizacion de vinos mediante columna de 
cono rotatorio: caracteristicas del vino final, Rev. Enologos 51 (2007) 58-62. 

[8] S.V. Makarytchev, T.A.G. Langrish, D.F. Fletcher, Mass transfer analysis of spin¬ 
ning cone columns using CFD, Chem. Eng. Res. Des. 82 (2004) 752-761. 


[9] S.V. Makarytchev, T.A.G. Langrish, D.F. Fletcher, CFD analysis of scale effects in 
spinning cone columns, Chem. Eng. Res. Des. 83 (2005) 951-958. 

[10] H. Erten, L. Campbell, The production of low-alcohol wines by aerobic yeast, J. 
Inst. Brewing 107 (2001) 207-215. 

[11] G.J. Pickering, Low- and reduced-alcohol wine: a review, J. Wine Res. 11 (2000) 
129-144. 

[12] A. Cassano, A. Mecchia, E. Drioli, Analyses of hydrodynamic resistances and 
operating parameters in the ultrafiltration of grape must, J. Food Eng. 89 (2008) 
171-177. 

[13] A. Versari, R. Ferrarini, G.P. Parpinello, S. Galassi, Concentration of grape must 
by nanofiltration membranes, Trans. IChemE 81 (2003) 275-278. 

[14] A. Rektor, A. Kozak, G. Vatai, E. Bekassy-Molnar, Pilot plant RO-filtration of grape 
juice, Sep. Purif. Technol. 57 (2007) 473-475. 

[15] J. Labanda, S. Vichi, J. Llorens, E. Lopez-Tamames, Membrane separation tech¬ 
nology for the reduction of alcoholic degree of a white model wine, LWT: Food 
Sci. Technol. 42 (2009) 1390-1395. 

[16] C. Zufall, K. Wackerbauer, The dealcoholisation of beer by dialysis—influencing 
beer quality by process engineering, Monatssch. brauwiss. 53 (9-10) (2000) 
164-179. 

[17] J. Regan, Production of alcohol-free and low-alcohol beers by vacuum distilla¬ 
tion and dialysis, Fermentation 3 (4) (1990) 235-237. 

[18] L. Takacs, G. Vatai, K. Korany, Production of alcohol free wine by pervaporation, 
J. Food Eng. 78 (2007) 118-125. 

[19] E. Gomez-Plaza,J.M. Lopez-Nicolas,J.M. Lopez-Roca,A. Martinez-Cutillas, Deal¬ 
coholization of wine, behaviour of the aroma components during the process, 
Lebensmittel. Wiss. Technol. 32 (1999) 384-386. 

[20] W. Gresch, Process for the production of a low-sugar, alcohol-free beverage, US 
Patent 5,496,577 (1996). 

[21 ] R.W. Calvin, Process for making a low-alcohol wine, US Patent 620,382 (2001). 

[22] J. Bonnet, H. De Vilmorin, Procedure for the controlled reduction of the 
sugar level in fruit juices and device to accomplish this procedure, EU Patent 
04360028.7 (2004). 

[23 ] R.S. Jackson, Wine Science: Principles, Practice, Perception, Elsevier Science and 
Technology Books, 2000. 

[24] M. Gil, J.M. Cabellos, T. Arroyo, M. Prodanov, Characterization of the volatile 
fraction of young wines from the denomination of origin “Vinos de Madrid” 
(Spain), Anal. Chim. Acta 563 (2006) 145-153. 

[25] R. Marquez, R. Castro, R. Natera, C. Garria-Barroso, Characterisation of the 
volatile fraction of Andalusian sweet wines, Eur. Food Res. Technol. A 226 (6) 
(2008)1479-1484. 

[26] M. Ortega-Heras, C. Gonzalez-Huerta, P. Herrera, M.L. Gonzalez-Sanjose, 
Changes in wine volatile compounds of varietal wines during ageing in wood 
barrels, Anal. Chim. Acta 513 (2004) 341-350. 

[27] N. Garda-Martin, L. Palacio, P. Pradanos, A. Hernandez, M. Ortega-Heras, S. 
Perez-Magarino, D.C. Gonzalez-Huertas, Evolution of several ultra- and nanofil¬ 
tration membranes for sugar control winemaking, Desalination 245 (2009) 
554-558. 

[28] H.T. Jose, Tratado de Enologia, Mundi Prensa, 2003. 

[29] G.B. Juan, Tecnicas analiticas para vinos, GAB, 1990, pp. 31-49. 

[30] A.I. Schafer, A.G. Fane, T.D. Waite (Eds.), Nanofiltration: Principles and Appli¬ 
cations, Elsevier, The Netherlands, 2006. 

[31 ] P. Pradanos, J.I. Arribas, A. Hernandez, Mass transfer coefficient and retention 
of PEGs in low pressure cross-flow ultrafiltration through asymmetric mem¬ 
branes, J. Membr. Sci. 99 (1995) 1-20. 

[32] J.A. Otero, O. Mazarrasa, J. Villasante, V. Silva, P. Pradanos, J.I. Calvo, A. Hernan¬ 
dez, Three independent ways to obtain information on pore size distributions 
of nanofiltration membranes, J. Membr. Sci. 309 (2008) 17-27. 

[33] P. Pradanos, J.I. Arribas, A. Hernandez, Retention of proteins in cross-flow 
UF through asymmetric inorganic membranes, AIChE J. 40 (1994) 1901- 
1910. 

[34] A. Al-Amoudi, P. Williams, S. Mandale, R.W. Lovitt, Cleaning results of new and 
fouled nanofiltration membrane characterized by zeta potential and perme¬ 
ability, Sep. Purif. Technol. 54 (2007) 234-240. 

[35] OIV, Recueil des Methodes Internationales d’Analyse des vins et des mouts, Off 
Paris, IntVigne Vin, 1990. 

[36] L. Moio, G.-del. Prete, M. Diana, A.A. Valentino, Influence of origin and heat 
treatment of wood for oak barrels (Quercus robur, L) on red wine aroma, Ind. 
delle Bevande 159 (1999) 13-19. 

[37] G. Jonsson, P. Pradanos, A. Hernandez, Fouling phenomena in microporous 
membranes. Flux decline kinetics and structural modifications, J. Membr. Sci. 
112(1996)171-183. 

[38] P. Pradanos, J. de Abajo, J.G. de la Campa, A. Hernandez, A comparative-analysis 
of flux limit models for ultrafiltration membranes, J. Membr. Sci. 108 (1995) 
129-142. 

[39] P. Pradanos, J.I. Arribas, A. Hernandez, Flux limiting factors in cross-flow ultra¬ 
filtration of invertase through an asymmetric inorganic membrane, Sep. Sci. 
Technol. 10(1993) 1899-1911. 

[40] J. Jacob, P. Pradanos, J.I. Calvo, A. Hernandez, G. Jonsson, Fouling Kinetics, Asso¬ 
ciated dynamics of structural modifications, Colloids Surf. A: Physicochem. Eng. 
Aspects 138 (1998) 291-299. 

[41 ] L. Palacio, C.-C. Ho, P. Pradanos, A. Hernandez, A.L. Zydney, Fouling with protein 
mixtures in microfiltration: BSA-lysozyme and BSA-pepsin, J. Membr. Sci. 222 
(2003)41-51. 

[42] I. Revilla, M.L. Gonzalez-Sanjose, Addition of pectolytic enzymes: an oenologi¬ 
cal practice which improves the chromaticity and stability of red wines, Int. J. 
Food Sci. Technol. 3 (2003) 29-36. 


